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ABSTRACT 
Here, economic losses caused by cattle parasites in Mexico were estimated on an annual basis. The main factors taken into 
consideration for this assessment included the total number of animals at risk, potential detrimental effects of parasitism on milk 
production or weight gain, and records of condemnation on livestock byproducts. Estimates in US dollars (US$) were based on 
reported yield losses in untreated animals. These estimates reflect the major effects on cattle productivity of six parasites, or 
parasite group. The potential economic impact (US$ millions) was: gastrointestinal nematodes US$ 445.10; coccidia (Eimeria spp.) 
US$ 23.78; liver fluke (Fasciola hepatica) US$ 130.91; cattle tick (Rhipicephalus microplus) US$ 573.61; horn fly (Haematobia 
irritans) US$ 231.67; and stable fly (Stomoxys calcitrans) US$ 6.79. Overall, the yearly economic loss due to the six major parasites 
of cattle in Mexico was estimated to be US$ 1.41 billion. Considering that the national cattle herd registered in 2013 included 32.40 
million head, the estimated yearly loss per head was US$ 43.57. The limitations of some of the baseline studies used to develop these 
estimates, particularly when extrapolated from local situations to a national scale, are acknowledged. However, the general picture obtained 
from the present effort demonstrates the magnitude and importance of cattle parasitism in Mexico and the challenges to maximize 
profitability by the livestock industry without adapting sustainable and integrated parasite control strategies.  
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RESUMEN 
Las pérdidas económicas causadas por parásitos del bovino en México se calcularon anualmente. Los principales factores 
considerados para esta evaluación incluyeron el número total de animales a riesgo, los posibles efectos dañinos del parasitismo 
sobre la producción de leche o ganancia de peso, y los decomisos de subproductos pecuarios. Las pérdidas económicas fueron 
estimadas en dólares americanos (US$) y se basaron en las pérdidas del rendimiento productivo de animales no tratados. Estas 
estimaciones reflejan los principales efectos de seis parásitos o grupos de parásitos sobre la producción bovina. El impacto 
económico potencial (millones de dólares) fue: nematodos gastrointestinales US$ 445.10; coccidias (Eimeria spp.) US$ 23.78; duelas 
del hígado (Fasciola hepatica) US$ 130.91; garrapatas (Rhipicephalus microplus) US$ 573.61; mosca de los cuernos (Haematobia 
irritans) US$ 231.67; y mosca de los establos (Stomoxys calcitrans) US$ 6.79. En general, las pérdidas anuales causadas por los seis 
principales parásitos del bovino en México se estimaron en US$ 1.41 mil millones. Considerando que la población bovina nacional 
en 2013 fue de 32.40 millones de bovinos, la pérdida anual estimada fue de US$ 43.57 por animal. Se hace mención de las 
limitaciones que tienen el uso de algunas referencias para las estimaciones, particularmente cuando se extrapolan situaciones 
locales a una escala nacional. Sin embargo, el resultado general obtenido en este estudio demuestra la magnitud e importancia del 
parasitismo en el ganado de México y los desafíos para maximizar la rentabilidad de la industria ganadera sin recurrir al uso de 
estrategias de control integrado sustentable de parásitos. 
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INTRODUCTION 
Animal agriculture is an important sector of the 
economy in Mexico, which ranks 7th globally in terms 
of the number of cattle produced for commercial 
purposes(1). In 2010, bovines comprised the second 
highest livestock species raised in the country after 
poultry(2). Despite increases in production forecasts 
due to improved genetics and feeding among other 
things(3,4), parasitic diseases remain an important 
factor impacting the productivity of cattle in 
Mexico(5). Furthermore, parasitic diseases can hinder 
the international trade of cattle raised in Mexico. For 
example, cattle intended for export are inspected at 
US ports of entry and are returned to Mexico if found 
infested with cattle fever ticks(6). 
The national herd is estimated to comprise 
32,402,461 head of cattle (dairy= 2,420,289; beef= 
29,992,172)(7) distributed in almost 2 million square 
kilometers of land. Veracruz is the state with the 
largest herd that includes around 4 million head. 
Cattle graze in almost 2 million square kilometers of 
the territory, distributed in four pastoral regions 
according to agro-climatic conditions: a) Arid and 
semiarid, covering portions of nine states (Baja 
California, Baja California Sur, Sonora, Chihuahua, 
Coahuila, Nuevo León, Durango, Zacatecas and San 
Luis Potosí); b) Temperate, including nine states and 
the Federal District (Aguascalientes, Guanajuato, 
Hidalgo, Jalisco, México, Morelos, Puebla, Querétaro 
and Tlaxcala) and areas surrounding Mexico City; c) 
Dry tropical, comprising six states (Colima, Guerrero, 
Michoacán, Nayarit, Sinaloa, and Tamaulipas), and 
d) Humid tropical, extending across six states 
(Campeche, Chiapas, Quintana Roo, Veracruz, 
Tabasco, and Yucatán). Production systems and 
costs are largely dependent on the climatic 
conditions of the respective regions(8). 
Occurrence of internal and external parasites in 
cattle throughout Mexico is favored by the 
predominance of hot humid and sub-humid climates 
in tropical and subtropical latitudes. Cattle 
production provides an important economic activity 
for the large expanse of land in Mexico, and the 
United States (US) is the primary export market with 
an average of 1 million cattle imported by the US 
from Mexico between 1989 and 2009(9). 
Economic loss due to parasites in some 
countries where the cattle industry is also an 
important economic activity has been estimated. 
Drummond et al(10) calculated that annual losses due 
to cattle parasites in United States of America 
approximated US$ 2,260 million when the national 
herd comprised 124.7 million head(11). This figure 
represented 10 % of the production value and sales 
of the cattle industry at that time. Estimates of 
annual economic loss for specific pests ranged from 
US$ 29.7 million for scabies and mange mites up to 
US$ 730.3 million for horn flies. Recently, Grisi et 
al(12) reassessed the potential economic impact of 
internal and external cattle parasites in Brazil and 
estimated it to be at least US$ 13.96 billion annually. 
A preliminary assessment revealed that the 
economic impact of parasitic diseases on cattle 
production in Mexico is uncertain(5,13,14,15) and which 
recognized the challenges involving the estimation 
of economic loss on the productivity of cattle due to 
parasitic diseases related to multifactorial variables 
influenced by geographic area and climatic 
conditions, management practices, and herd size 
and density. This type of effort has been further 
complicated by the threat of parasiticide resistance 
in several populations of endo- and ectoparasites of 
cattle. Thus, the results from the study presented 
here represent a systematic approach to ascertain 
economic losses due to cattle parasitism in Mexico.  
The present study aimed to calculate economic 
losses caused by cattle parasites in Mexico, including 
the main ecto- and endo-parasite species known to 
have a significant effect on the productivity of bovine 
populations in Mexico. Consideration was given to 
specific cases where parasiticide resistance 
increases the cost of efforts to control cattle 
parasites. 
Methodology used  
Endoparasites considered for the economic 
evaluation included: gastrointestinal nematodes 
(GIN), coccidia (Eimeria spp.), and liver fluke 
(Fasciola hepatica). The cattle tick (Rhipicephalus 
microplus), horn fly (Haematobia irritans), and 
stable fly (Stomoxys calcitrans) are the external 
parasites included in this analysis. Other parasites 
affecting cattle in Mexico were excluded because 
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they: a) Were not reported to be of national 
economic importance, b) Are limited to small regions 
of the country, (c) Are associated with reports of 
enzootic instability, d) Are not associated with robust 
economic and epidemiological data in Mexico, e) Are 
missing economic and epidemiological information. 
Parasites falling on those categories include 
Dictyocaulus viviparus, Neospora caninum, 
Toxoplasma gondii, Cryptosporidium parvum, 
Tritrichomonas foetus, Dermatobia hominis, 
Tabanidae, and chewing lice.  
The method to estimate the potential economic 
impact caused by each parasite species or group 
considered the number of animals at risk, data 
available on milk production loss, weight gain loss in 
beef cattle, or official reports on condemnation of 
livestock byproducts (i.e., livers)(12). In most cases 
the economic analysis used data originated from 
local studies, generated primarily between 2000 and 
2015. It must be clarified that a limitation of this 
approach is that estimates addressing data gaps 
were extrapolated from selected studies conducted 
in other countries on parasitic economic damage to 
cattle; whenever possible by making comparisons 
between studies conducted in Mexico under similar 
environmental conditions. Thus, the potential 
economic impact assessment for cattle parasites 
estimated here is dependent on a wide variety of 
climatic factors. Grisi et al(12) validated this 
methodology to reassess the potential economic 
impact of cattle parasites in Brazil. Because 
information on production effects was obtained from 
control animals, i.e. parasitized animals kept 
untreated in the respective studies, or the estimated 
populations at risk of being affected by a particular 
parasitic disease, the resulting estimates of economic 
impact represent losses in untreated cattle or the 
estimated bovine population at risk. Thus, the estimates 
presented here do not necessarily represent the actual 
impact of cattle parasitism in Mexico but the potential 
losses expected in the absence of parasite control 
measures. 
POTENTIAL IMPACT OF GASTROINTESTINAL 
NEMATODES 
Helminthic infections are an important cause of 
disease and productivity loss in livestock production 
worldwide. Moreover, tropical and template climatic 
conditions favor the presence and incidence of GIN, 
potentiating the effect on animal health and 
reducing livestock production. This problem is not 
only caused by clinical parasitism; non-visible effects 
of the subclinical phase also provoke deficiencies in 
nutrient use, which can cause a major production 
loss(16,17). 
Impact of GIN on cattle production has been 
extensively studied worldwide. The effect of GIN on 
milk production was studied by Lima and Grisi(18) in 
the state of Rio de Janeiro, Brazil where milk 
production of grazing cows medicated with 
albendazole at parturition was compared with un-
treated controls; an increase of 51.90 kg of milk per 
cow was reported in the medicated group during the 
90-d study period, which corresponded to 0.58 kg of 
milk/cow/d. A similar study conducted in Holand(19) 
reported an increase of 0.44 kg of milk/cow/d. Milk 
yield after anthelmintic treatment on pastured dairy 
cattle in the Netherlands was estimated to increase 
by 1.0 kg/cow/d(20). When Kabaka et al(21) evaluated 
the impact of GIN infection on cattle from two 
districts of Kenya, they found a daily loss of 1.4 
kg/cow/d. Vercruysse et al(22) evaluated 11 
commercial dairy farms in Belgium to study the 
effect of eprinomectin treatment at calving on milk 
production; in this study eprinomectin treatment 
resulted in an average increase of 0.97 kg in daily 
milk yield. Considering that the average loss due to 
GIN in grazing cows is 0.87 kg of milk cow/d 
compared to animals with medication, the potential 
losses due to gastrointestinal worms for grazing 
dairy cattle population at risk in Mexico would be 
US$ 189,212,709 (Table 1). In spite of the evident 
economic benefit that could represent the control of 
GIN in grazing dairy cows, it is important to 
remember that most anthelmintic drugs cannot be 
used in those animals while they are producing milk 
for human consumption. Thus, other control 
methods, based on alternative control measures 
ought to be used to reduce the economic impact.  
Under the hot sub-humid conditions of Yucatan, 
Mexico, there was a superior average weight gain of 
32.5 and 15.8 kg when the animals (Bos indicus) 
were treated with netobimin following two strategic 
programs (on August and October, or on August and 
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January). In a period of 240 d, dewormed calves 
obtained an additional weight gain of 0.136 kg/d 
(49.6 kg/yr) or 0.07 kg/d (24.0 kg/yr) respectively, 
compared to non-treated calves(23). The most 
common genera of GIN identified in this study area 
were Haemonchus, Cooperia and 
Trichostrongylus(24). 
In Chiapas, Mexico (hot and humid tropical 
region), an increase of 30.7 kg was obtained during 
a 90-d experiment (0.350 kg/d, 127.7 kg/yr) after 
deworming calves with ivermectin+abamectin(25). 
Another study performed in Veracruz, Mexico also 
under hot and humid tropical conditions, the use of 
ivermectin+abamectin to control GIN in calves 
resulted in an additional weight gain of 20.0 kg 
(0.285 kg/d) and 25.03 kg (0.357 kg/yr) during a 
70-d experiment (130.3 kg/yr and 104.0 kg/yr, 
respectively) compared with non-treated calves(26).The 
most common genera of GIN identified in this study 
were Haemonchus, Cooperia, Trichostrongylus, 
Oesophagostomum and Ostertagia. 
Studies have shown that the productivity of 
calves in tropical parts of Mexico is most affected by 
GIN during the rainy season(24,27). Thus, for 
estimation purposes a rainy period of 6 mo was 
applied to derive potential losses caused by GIN in 
calves from Mexico. Considering an average loss of 
87.1 kg of weight gain calves/yr without medication, 
the potential losses in the calf population caused by 
GIN in 6 mo would be US$ 255’883,853 (Table 1). 
Overall, annual losses in cattle due to GIN can 
potentially reach US$ 445,096,562. 
POTENTIAL IMPACT OF EIMERIA SPP 
Major weight loss associated with eimeriosis in 
cattle is likely to occur within the first year of life 
when animals are most susceptible to Eimeria 
infection(28). Cattle eimeriosis reduces food 
Table 1. Economic losses due to gastrointestinal nematodes among dairy and beef cattle in Mexico in 2013 
 
  
Population at risk  
 
Milk loss   
 
Yearly milk loss** 
Total herd 
yearly loss*** 
 
Price to producer 
Potential loss for 
dairy cattle 
(head)* (kg/cow/d) (kg/cow) (liters) (US$/liter) (US$) 
Dairy cattle 1’735,408 0.87 265.35 443’961,328.8 0.42 189’212,709 
SIAP-SAGARPA(7) 0.58 
Lima and Grisi(18) 
0.44 
Ploeger et al(19) 
1.0 
Charlier et al(20) 
1.4 
Kabaka et al(21) 
0.97 
Verschave et al(22) 
  SIAP-
SAGARPA(7) 
 
*72% of the total dairy cattle in Mexico. **Considering a 305-d lactation period.***1 kg of milk = 0.971 liters of milk. 
  
Population at risk+ 
 
Yearly weight loss  
Affected herd 
yearly loss  
Price to 
producer  
 
Potential loss  
Potential loss for 
calves 
(head)  (kg/ head)  (kg)  (US$/kg)  (US$)  (US$)  
Beef and dairy 
calves (<1 yr old) 
7’290,553 43.6/2=21.8 
(only six month a year were 
considered) 
158’934,070 1.61 
SIAP-
SAGARPA(7) 
 255’883,853 
SIAP-SAGARPA(7) 49.6 and 24.0/yr 
Domínguez-Alpizar et al(24) 
130.3/yr 
Quiroz-Romero et al(25) 
104.0/yr 
Quiroz-Romero et al(26) 
    
*22.5% of the total cattle production in Mexico(2) 
Total loss by gastrointestinal nematodes 445’096,562.6 
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consumption, body weight, feed efficiency and may 
cause 24 % mortality. An estimated 77 million young 
cattle in the United States are infected by coccidia 
during the first year of their life, 4 million will be 
treated for eimeriosis, and 80,000 cattle naturally 
infected with Eimeria, could die from the disease(29). 
Annual economic losses due to eimeriosis in the US 
have been estimated at US$ 62 million(30). Animals 
housed in large numbers with bad hygienic practices 
are more likely to contract the disease. Therefore, 
feedlot and dairy cattle are the most susceptible. 
Eimeriosis in feedlot cattle is associated with stress 
caused by shipping, changes in ration as well as 
weather conditions, and overcrowding(31). 
Fitzgerald(32) suggested that as a rule of thumb 
expenses associated with eimeriosis should be 
considered to be US$ 2.60 per calf/yr. Dairy farmers 
in Estonia were estimated to incur annual losses of 
generated income ranging from 8 to 9 % and 
assigned a loss of US$ 6.23 per calf/yr due to 
eimeriosis(33). 
Under hot subhumid tropical conditions, 
Rodríguez-Vivas et al(34) studied the factors 
associated with bovine eimeriosis in calves and 
found Eimeria oocysts in 87.8 % of the samples. The 
most common species identified were E. bovis, E. 
zuernii, E. ellipsoidalis and E. auburnensis. These 
authors(14) mentioned that these species are the 
most frequently found in cattle , and are reported 
among the most pathogenic(35). A further study by 
Rodriguez-Vivas et al(13) investigated the prevalence 
of gastrointestinal parasites in cattle of different 
ages in the south of Mexico. Prevalence of Eimeria 
spp represented 71.57 % of the fecal samples 
tested. Quezada et al(36) estimated the prevalence of 
Eimeria spp in post-weaner calves in a dry region of 
Mexico and found 62 % of the animals to be positive. 
INEGI(2) reported that in Mexico 22.5 % of the cattle 
population are bovines <12 mo of age. According to 
the total population of cattle in Mexico (32’402,461) 
reported by SIAP-SAGARPA(7), and considering that 
22.5 % of the national bovine herd is <12 mo of age, 
it was estimated that 7’290,553 calves are at risk of 
being affected by eimeriosis. Based on an average 
of 73.8 % prevalence of Eimeria spp(13,34,36) among 
young cattle from different regions of Mexico, it was 
calculated that 5,380,428 young animals have been 
affected, each costing US$ 4.42/animal(33) to treat 
eimeriosis(33). Therefore, the estimated annual 
losses due to eimeriosis in Mexican cattle total US$ 
23’781,491. 
POTENTIAL IMPACT OF FASCIOLA HEPATICA 
Liver fluke transmission depends on the 
presence of the snail intermediate host. In Mexico 
Lymnaea humilis, L. cubensis and L. bulimoides have 
been identified as intermediate host of F. 
hepatica(37). Therefore, the distribution of the 
parasite is limited to those geographic areas where 
the appropriate snail species are present(38). Liver 
flukes are enzootic in 29 of the 32 states of Mexico, 
especially where high annual rainfall and large areas 
of poorly drained pasture provide suitable habitats 
for the lymnaeid snails. Therefore, the economic 
impact of bovine fasciolosis caused by F. hepatica is 
relevant in areas where the parasite is enzootic or in 
non-enzootic areas where infected cattle are 
introduced(39). 
According to the four pastoral regions where 
cattle are raised in Mexico, the average (range) rates 
of liver condemnation due to fasciolosis from all cattle 
slaughtered are: Arid and semiarid region 2.89 %, (0.2 
to 5.3 %)(39,40); Temperate region 11.63 % (1.8 to 
30.0 %)(39,40); Tropical dry 6.9 % (2.0 to 11.63 %)(39); 
Tropical humid (Yucatan and Quintana Roo States 
are considered free of F. hepatica) 12.5 % (0.2 to 
35.8 %)(39,41). The overall estimation of annual losses 
suffered by the cattle industry of Mexico due to liver 
condemnation as a result of fasciolosis caused by F. 
hepatica is US$ 4,239,667 (Table 2). 
Simpson and Courtney(42) conducted a survey in 
Florida, US, that showed the specific benefits of liver 
flukes control. Animals treated with the appropriate 
antiparasitic drug were 8.2 to 9.9 kg heavier when 
culled cows were considered, and 13.6 to 20.4 kg 
heavier when calves were treated at weaning. 
Another study conducted(43) at a commercial cow-
calf operation in Louisiana, showed that US calves 
from cows receiving treatments for both flukes and 
nematodes had an average weight gain advantage 
of 8.9 kg in 205-d adjusted wining weights compared 
to that of calves from cows receiving treatment for 
nematodes only. Because all treatment groups were 
maintained on the same conditions, the authors 
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inferred that administration of flukicides to cows had 
a positive effect on productivity by increasing milk 
production, which resulted in heavier calves.  
Recently, Charlier et al(44) conducted a trial on 
11 dairy herds exposed to F. hepatica to assess the 
effect of closantel treatment at dry-off (or 80-42 d 
before calving in first-calving heifers) on milk 
production parameters. The authors found that 
closantel treatment resulted in a noticeable increase 
of 303 kg in a 305-d milk production (0.99 kg of 
milk/d/animal). Based on this result it was estimated 
that the annual loss in milk production due to 
infection with F. hepatica is US$ 83’420,131 (Table 
2). The estimated loss associated with the effects of 
F. hepatica infection in beef and dairy cattle that 
livestock producers in Mexico suffer totals US$ 
130’906,653. 
POTENTIAL IMPACT OF CATTLE TICKS 
Ticks and the pathogens they transmit to 
domestic animal species, humans, and wildlife are 
widely distributed throughout the world, particularly 
in tropical and subtropical regions. It has been 
estimated that 80 % of the world’s cattle population 
is exposed to tick infestation(45). Ticks are 
responsible for a variety of losses, caused by the 
direct effect of attachment, injection of toxins, or 
through the morbidity and mortality associated with 
tick-borne pathogens(46), and secondary problems as 
the enhancement of transmission of 
Dermatophilosis, myiasis(47), or udder damage by 
tick species belonging to the genus Amblyomma(48). 
The estimated annual global costs associated with 
ticks and tick-transmitted pathogens range between 
US$ 13.9 billion and US$ 18.7 billion(49). Recently, 
Grisi et al(12) estimated the annual costs associated 
 
Table 2.  Economic losses due to liver confiscation produced by Fasciola hepatica to cattle production in Mexico in 2013 
 
Regions Population at risk* 
 
Slaughtered 
animals 
% of liver confiscation Total liver confiscated Price to producer 
(US$/liver) 
Potential loss (US$) 
Arid and semiarid 7’638,751 
(23.57%) 
2’073,309 2.89 
Ibarra et al(39) 
59,919 5.64 
 
337,943 
Temperate 6’600,403 
(20.37%) 
1’791,825 11.63 
Ibarra et al(39) 
208,389 5.64 1’175,314 
Tropical dry 8’750,368 
(27.00%) 
2’375,026 6.9 
Ibarra et al(39) 
163,877 5.64 924,266 
Tropical humid 9’412,939 
(29.06%) 
2’556,231 12.5 
Ibarra et al(39) 
319,529 5.64 1’802,144 
Liver confiscation by fasciolosis 4,239,667 
Animal group Animal population 
at risk* 
Animal population 
with fasciolosis** 
Yearly weight loss Total yearly 
weight loss 
Price to producer Potential loss 
 (head) (head) (kg/head) (kg) (US$/kg) (US$) 
Cow  15’960,309 1’353,434 9.05 
Simpson and Courtney(42) 
12’248,577 1.61 
SIAP-SAGARPA(7) 
19’720,208 
Calves  8’085,510 685,651 12.95 8’879,180 1.61 
SIAP-SAGARPA(7) 
14’295,479 
  17.0 
Simpson and Courtney(42) 
8.9 
Malone et al(43) 
   
Feedlot  7’862,068 666,703 8.6 
Hicks et al(94) 
5’733,645 SIAP-SAGARPA(7) 9’231,168 
Weight loss 43,246,855 
Dairy cattle 
 
Population at risk* Animal population 
with fasciolosis** 
Milk loss Yearly milk loss** Total herd yearly 
loss 
Price to producer Potential loss for 
dairy cattle 
(head)  (kg/cow/d) (kg/cow) (liters) (US$/liter) (US$) 
 SIAP-SAGARPA(7) 8.48% 
Ibarra et al(39) 
0.99 
Charlier et al(20) 
  0.42 
SIAP-SAGARPA(7) 
 
2’370,289 663,680 657,043 302 198’619,360 83’420,131 83’420,131 
Milk loss 83’420,131 
Total fasciolosis loss 130’906,653 
*Animals from three states considered free of F. hepatica were removed from the animal population at risk. **Only 8.48% of animal at risk were considered suffering fasciolosis(39). 
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with the cattle tick Rhipicephalus (Boophilus) 
microplus (R. microplus) in the Brazilian cattle 
industry, to be up to US$ 3.24 billion. The national 
cattle fever tick control campaign in Mexico(50) 
reported that 65 % of the national territory is 
infested with R. microplus(15). Based on this 
information, the estimated number of cattle at risk 
of R. microplus infestation is 24’973,983 cattle.  
Losses on milk production caused by the cattle 
ticks R. microplus, were recently estimated by 
Rodrigues and Leite(51) for the state of Minas Gerais, 
Brazil. These authors estimated that ticks were 
responsible for a reduction of 90.24 L of milk per cow 
per lactation period. Based on this information, the 
estimated loss to the dairy herd of Mexico is US$ 
68’878,694 (Table 3). 
Estimates of the losses inflicted by cattle ticks 
on beef cattle were based on Jonsson(52), who 
reported daily losses of 1.18 and 1.37 g per tick per 
animal for Bos indicus x Bos taurus cattle and B. 
taurus, respectively. An average of 70.3 adult ticks 
per cattle were reported during studies on 
population dynamics of R. microplus infesting B. 
taurus x B. indicus cattle in Yucatan(5). Alonso-Diaz 
et al(53) found an average of 14.0 and 35.4 R. 
microplus adult ticks per animal in two cattle 
crossbreed genotypes in Veracruz, Mexico. An 
average of 14.5 adult ticks per criollo cattle(54) were 
found. Meanwhile, others(55) found that B. taurus 
cattle had an average of 94 ticks/animal, while 
Gomes et al(56) reported 3.3 ticks/per animal for B. 
indicus cattle. Considering that the beef cattle herd 
is composed of 16.80 % of B. indicus, 27.98 % of 
B. taurus, and 52.22 % of B. indicus x B. taurus 
crosses(2), and the potential infestation rate for this 
bovine population, the estimated economic loss 
caused by this tick on beef cattle is US$ 504’729,382. 
Therefore, the total economic loss attributable to 
R. microplus in the Mexican cattle herd could 
approach US$ 573’608,076 (Table 3). 
R. microplus is the vector of the 
hemoprotozoans Babesia bovis and B. bigemina, 
which cause bovine babesiosis, and the intraerythrocitic 
rickettsia Anaplasma marginale that causes 
anaplasmosis(57,58). Babesiosis and anaplasmosis are 
responsible for important economic losses in the 
cattle industry of tropical and subtropical areas of 
the world. Annual losses (million) of US$ 500, 16.9, 
5.1, 5.4, 6.8, 21.6, 19.4, 57.2, 3.1, and 0.6 caused 
by babesiosis and anaplasmosis have been reported 
for Brazil, Australia, Kenya, Zimbabwe, Tanzania, South 
Africa, China, India, Indonesia, and Philippines, 
respectively(59,60). The economic impact is a 
consequence of direct losses like mortality, abortions, 
reduction in meat and milk yield, and indirect effects 
associated with the application of disease and tick 
control measures. In Argentina, 62 % and 38 % of 
the financial loss in dairy cattle affected by 
 
Table 3. Economic losses due to the cattle tick Rhipicephalus microplus, related to milk and beef production in Mexico in 2013 
 
 Population at risk* Lactation loss Yearly milk loss Price to producer Potential loss 
 
  
(liters)  (liters)  (US$/liter)  (US$)  
Dairy cattle 1’734,735 90.24  156’542486 0.44  68’878,694  
 Rodrigues and 
Leite(51) 
 SIAP-SAGARPA(7)  
Beef cattle** Population at risk Daily weight loss Yearly weight loss Price to producer Potential loss 
23’239,248 (g/tick/head)  (kg) (US$/kg)  (US$)  
B. taurus 
  
3’904,184 1.37  
Jonsson(52) 
183’514,997 1.61 
SIAP-SAGARPA(7) 
295’459,145 
B. indicus 6’502,345 1.18  
Jonsson(52) 
111’742,243 1.61 
SIAP-SAGARPA(7) 
179’905,011 
B. indicus x B. 
taurus 
12’832,719 1.18  
Jonsson(52) 
18’239,271 1.61 
SIAP-SAGARPA(7) 
29’365,226 
     504’729,382 
    Total potential loss 573’608,076 
*Cattle at risk of tick infestation(7;50). **16.80 % of Bos indicus, 27.98 % of Bos taurus, and 52.22 % of Bos indicus x Bos taurus cattle in Mexico. ***Considering the following 
mean daily tick burdens: B. taurus-94 ticks(55), B. indicus x B. taurus-39.9 ticks(5;53), and B. indicus-3.3 ticks(56). 
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babesiosis were due to direct and indirect effects, 
respectively(61). Babesiosis and anaplasmosis are 
prevalent wherever R. microplus and R. annulatus 
occur in Mexico(62-66), and 75 % of the national cattle 
herd is considered to be at risk of becoming infected 
with B. bovis and B. bigemina(67).  However; we were 
unable to estimate the economic impact of 
babesiosis and anaplamosis on the cattle industry in 
Mexico because key epidemiological data, such as 
description of specific enzootic instability regions, 
mortality and incidence of babesiosis and 
anaplasmosis outbreaks, and number of abortions 
due to clinical cases and seasonal occurrence of 
outbreaks were not found during the search of the 
scientific literature. 
POTENTIAL IMPACT OF HAEMATOBIA IRRITANS 
The horn fly, Haematobia irritans, is one of the 
most economically important pests of cattle 
worldwide(12,65). It is an obligate hematophagous 
ectoparasite that feeds almost exclusively on cattle. 
Because of H. irritans feeding behavior and 
infestation levels tend to be high, cattle expend a 
great degree of energy in defensive behavior, and 
reduce the grazing time, feeding efficiency and milk 
production in the case of dairy cattle(67). 
Losses due to horn fly infestation, based on the 
studies in Brazil(68) and Argentina(69), are estimated 
as an average yearly weight loss of 3.25 kg per cow 
and 28.0 g per day (305 d of lactation, 8.54 kg per 
cow), respectively. Estimated losses in calves also 
were based on Bianchin and Alves(68) in Brazil and 
Steelman et al(70) in the US, which estimated an 
average yearly weight loss of 2.0 and 8.1 kg per calf, 
respectively. Yearly weight losses of steer and 
heifers were estimated as 12.19 kg per animal(71). 
Losses in milk production caused by H. irritans in 
dairy farms were estimated as 27.0 kg decrease in 
milk production per cow per year in the US(72). 
In general, Haematobia irritans in Mexico 
affects cattle during 7 mo of the year(73). Cattle in 
the state of Veracruz (hot humid tropic) experienced 
high H. irritans infestation (70 to 121 flies/animal) 
between August and November(73). Galindo-Velasco 
et al(74) reported that cattle in the state of Colima, 
including sub-humid tropic and sub-tropic 
environments, had high horn fly infestations (120 to 
236 flies per animal) during 6 mo of the year. 
However, in the state of Tamaulipas high horn fly 
infestation levels were observed in cattle throughout 
the year with population peaks higher than 200 
flies/animal detected in September, April, May, and 
 
Table 4. Economic losses due to the horn fly Haematobia irritans, related to beef cattle production in Mexico in 2013 
 Live animals at risk* 
(head) 
Yearly weight 
loss per head  (kg) 
Total yearly 
Weight loss ** (kg) 
Price to producer 
(US$/kg) 
Potential loss 
(US$) 
Steers/heifers 7’776,590 
 
12.19 
Bianchin et al(71) 
57’667,951 1.61 
SIAP-SAGARPA(7) 
92’845,401 
Calves 7’290,553 5.05 22’397,186 1.61 
SIAP-SAGARPA(7) 
 
36’059,469 2.0 
Bianchin and Alves(68) 
8.1 
Steelman et al(70) 
Cows 17’335,316 5.89 62’113,881 1.61 
SIAP-SAGARPA(7) 
100’003,348 
3.25 
Bianchin and Alves(68) 
8.54 
Guglielmone et al(69) 
Dairy cows 1’734,735 Milk loss (liter/cow/yr) Total yearly loss 
(liters)** 
Price to producer 
(US$/liter) 
Potential loss 
(US$) 
  27.0 
Kunz et al(72) 
4’102,995 0.42 
SIAP-SAGARPA(7) 
2’757,212 
 32’402,461   Total potential loss 231’665,430 
* From the total cattle production in Mexico(7), 22.5 % was calves, 24.0 % steers/heifers, and 53.5 % adults (>3 yr)(2). **7.3 mo per year were considered for H. irritans affect on 
cattle(73,74,75).  
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June(75). Considering the beef cattle population at 
risk, losses due to horn fly parasitism in Mexico are 
estimated to be US$ 231’665,430 (Table 4). No 
estimates of horn-fly losses on dairy cattle or beef 
cattle pregnancy rates are provided here. These 
issues need further investigation. 
POTENTIAL IMPACT OF STOMOXYS CALCITRANS 
The stable fly, Stomoxys calcitrans, is another 
economically important pest of livestock worldwide. 
The stable fly problem can be exacerbated in areas 
where high organic content, like hay waste residues, 
are present at or nearby pastures where cattle 
graze(76-78). Heavy stable fly infestations can results 
in a reduction of weight gain and feed efficiency of 
confined and grazing beef cattle(79). Taylor et al(76) 
and Grisi et al(12) reported that the stable fly has an 
economic impact on US and Brazilian cattle 
production of US$ 2,211.0 and 335.5 million per 
year, respectively. Kunz et al(72) estimated a potential 
loss due to stable flies in dairy and beef cattle of 0.1 
kg per steer per day in feedlots and a 27.0 kg 
decrease in milk production per cow per year. Taylor 
et al(76) estimated an annual per animal production 
loss of 139.0 kg milk for dairy cows, and 6.0, 26.0, 
and 9.0 kg body weight for preweaning calves, 
pastured stockers, and feeder cattle, respectively.  
Cruz-Vázquez et al(80) studied the annual 
variation of S. calcitrans adult stage infestation in 
Aguascalientes, Mexico and they found seasonal 
behavior of infestation with higher infestations 
between mid-summer and mid-fall period (2.5 mo) 
with abundance ranging from 4 to 40 flies per 
animal. Based on this information, economic losses 
due to the stable fly in Mexico were estimated to be 
US$ 6’786,792 (Table 5). 
POTENTIAL ECONOMIC IMPACT OF ALL STUDIED 
PARASITES 
Annual potential economic loss due to the six 
major endo- and ectoparasites of cattle in Mexico 
considered here was estimated to be US$ 
1,411’845,004. Considering that the national cattle 
herd registered in 2013 included 32’402,461 head(7), 
the estimated yearly loss per head caused by the 
selected cattle parasites was US$ 43.57. By 
comparison, the annual loss per head caused by a 
similar group of cattle parasites in Brazil, except the 
cattle grub (Dermatobia hominis) and New World 
screwworm fly (Cochliomyia hominivorax), was 
estimated to be US$ 65.49(12).  
The limitations of some of the baseline studies 
used to develop these estimates, particularly when 
extrapolated from local situations to a national 
scale(12), are acknowledged. However, the general 
picture obtained from the present effort 
demonstrates the magnitude and importance of 
cattle parasitism in Mexico and the unfeasibility of a 
profitable livestock industry without adapting 
sustainable and integrated parasite control 
strategies. This approach is required given the 
favorable environmental conditions for livestock 
parasites in grazing areas where cattle are raised in 
Mexico. 
PARASITICIDE RESISTANCE 
The main strategy for cattle parasite control in 
Mexico is based on the use of chemicals such as 
 
Table 5. Economic losses due to the stable fly Stomoxys calcitrans among dairy and feedlot cattle in Mexico in 2013 
 Population at risk Milk loss Total yearly loss Price to producer Potential loss 
(head) (L/cow/yr) (L) (US$/L) (US$) 
Dairy cattle 1’734,735 27.0 1’561,261 0.42 655,729 
SIAP-SAGARPA(7)  Kunz et al(72) SIAP-SAGARPA(7) 
 Population at risk Loss at feedlots Total loss at feedlots Price to producer Potential loss 
(head) (g/head/d) (kg) (US$/kg) (US$) 
Feedlot cattle 
SIAP-SAGARPA(7) 
7’776,590 100.0 
Kunz et al(72) 
3’784,607 1.62 
SIAP-SAGARPA(7) 
6’131,063 
   Total potential loss 6’786,792 
* 2.5 mo per year were considered to affect S. calcitrans to cattle(80). 
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anthelmintics, coccidiostats, flukicides, acaricides, 
insecticides and endectocides(81). The indiscriminate 
use of these chemicals has resulted in the 
development of resistance in populations of internal 
and external parasites of cattle, which impacts the 
livestock industry in Mexico(82-87).  
Parasiticide resistance is a multifaceted problem 
that not only impacts the ability of producers to 
mitigate the impact of parasites on farm animal 
production, but it also poses risks to the 
environment and public health(88,89). Resistance to 
conventional acaricides and macrocyclic lactones, 
including organophosphates (OPs), pyrethroids 
(SPs), amitraz, fipronil, and ivermectin among cattle 
fever tick populations has been identified as one of 
the most common problems in cattle from 
Mexico(83,87). Resistance to OPs first developed in the 
1980s in Mexico, and resistance to SPs emerged in 
the 1990s. Amitraz was introduced along with SPs to 
control OPs-resistant ticks in 1986. Amitraz was not 
widely used initially due to its higher cost, but its 
application became more prevalent and intensive 
after SPs resistance was discovered in 1993(85). The 
first case of amitraz resistance in R. microplus from 
Mexico was confirmed in 2001 in the state of 
Tabasco(86). The first reports of R. microplus 
populations resistant to ivermectin and fipronil in 
Mexico were made in 2010 and 2013, respectively(87,88). 
Rodríguez-Vivas et al(89) studied 217 field populations of 
R. microplus and determined the prevalence of farms 
with resistance to SPs, OPs and amitraz in the 
southern part of the country. They found that 
resistance to SPs like cypermethrin, flumethrin, and 
deltamethrin was one of the most serious problems 
faced by livestock producers in the Mexican tropics 
where 66 to 96 % of the farms had cattle infested 
with R. microplus resistant to SPs. The presence of 
R. microplus populations resistant to ivermectin has 
been documented in the states of Yucatan and 
Veracruz where resistance prevalence ranges from 
41 to 100 %, with most of the resistance level 
categorized as low. Resistance to multiple classes of 
antiparasitic drugs, including OPs, SPs, amitraz and 
ivermectin, appears to be an emerging problem 
among R. microplus populations in Mexico(83).  
Resistance to ivermectin in GIN has been 
identified in cattle from Mexico. Initial reports of 
ivermectin-resistant GIN in Mexico were obtained for 
infected cattle in the states of Campeche(90), 
Yucatán(84), and Veracruz(91). Studies performed in 
Mexico suggest a high frequency of cattle herds with 
IVM-resistant GIN (>71 % of the surveyed herds), 
and they involved species in the genera 
Haemonchus and Cooperia.  
Horn fly populations resistant to insecticides 
have been documented in Mexico. Insecticide 
resistance was reported for horn fly populations in 
the states of Tamaulipas, Veracruz, San Luis Potosi, 
Sinaloa, Aguascalientes, and Nuevo León(92,93). The 
development of resistance to permethrin in horn flies 
from Veracruz and Nuevo León apparently was 
associated with strong selection pressure and the 
lack of integrated parasite management practices 
because in the farms SPs were used commonly to 
control R. microplus too(92,93). 
Antiparasitic resistance in endo- and 
ectoparasite populations affecting the health and 
productivity of cattle in Mexico increases the cost of 
parasite control and decreases the profitability of 
livestock producers. The use of commercial 
antiparasitic drugs to control endo- and 
ectoparasites in cattle is expected to continue 
increasing in Mexico due primarily to: availability and 
ease of use for endectocidal products, increasingly 
accessible prices especially for generic versions of 
macrocyclic lactones, and a dearth of products 
containing active ingredients with new modes of 
action(83). 
Studies assessing the actual economic impact of 
parasiticide resistance on the profitability of cattle 
producers in Mexico are needed. The establishment 
of integrated parasite control programs adapted to 
each of the four main agroecological regions could 
reduce the impact of endo- and ectoparasites on the 
health and productivity of the national cattle herd(83). 
An adaptive and sustainable approach will help 
mitigate the burden of diseases caused by the six 
major endo- and ectoparasites considered here, 
which was estimated to cost the cattle industry of 
Mexico US$ 1.41 billion annually and a yearly loss 
per head of US$ 43.57. 
 POTENTIAL ECONOMIC IMPACT ASSESSMENT FOR CATTLE PARASITES IN MEXICO. REVIEW 
 
71 
 
ACKNOWLEDGMENTS 
Thanks to Champion Farmoquímico Ltda, 
Anápolis, GO, Brazil, and Laboratorio Virbac, Mexico, 
for facilitating organizational meeting by our group 
to discuss the economic impact of cattle parasites, 
which resulted in initiative to produce this 
publication. We would like to dedicate this paper to 
the memory of Prof. Laerte Grisi, a brilliant scientist 
and a kind and generous colleague.  
 
LITERATURA CITADA 
1. Organización de las Naciones Unidas para la Agricultura y la 
Alimentación (FAO). Ganadería bovina en América Latina: 
Escenarios 2008-2009 y tendencias del sector. Santiago de Chile. 
2010. 
2. INEGI (Instituto Nacional de Estadística y Geografía) Censo 
Agropecuario, www.inegi.org.mx. 2007. 
3.  Larios-Sarabia N, Ramírez-Valverde R, Núñez-Domínguez R, García-
Muñiz JG, Ruíz-Flores A. Technical, social and economic 
characterization of companies in the registered Jersey cattle herd 
in México. Agric Soc Desarrollo 2011;8:229-247. 
4.  Callejas-Juárez N, Aranda-Gutiérrez H, Rebollar-Rebollar S, de la 
Fuente-Martínez ML. Situación económica de la producción de 
bovinos de carne en el estado de Chihuahua, México. Agronomía 
Mesoamericana 2014;25:133-139.    
5.  Rodríguez-Vivas RI, Quiñones AF, Ramírez CG. Epidemiología, 
prevención y control de la babesiosis bovina. En: Enfermedades de 
importancia económica en producción animal. Rodríguez-Vivas RI 
editor. México DF: McGraw-Hill-UADY; 2005:205-225.  
6.  Pérez de León AA, Rodríguez-Vivas RI, Guerrero FD, García-
Vázquez Z, Temeyer KB, Domínguez-García DI, et al. Acaricide 
resistance in Rhipicephalus (Boophilus) microplus: impact on agro-
biosecurity and cattle trade between Mexico and the United States 
of America. Proc Int Symp Pest Resistance Arthropods 2013;3:18-
35. 
7.  SIAP-SAGARPA.  Servicio de Información Agroalimentaria y 
Pesquera. Inventario ganadero. 2013. 
8.  García, E. Modificaciones al sistema de clasificación climática de 
Köppen. Instituto de Geografía de la Universidad Nacional 
Autónoma de México. Quinta ed. México, DF. 2004. 
9.  Peel DS, Johnson RJ, Mathews KH. Cow-calf beef production in 
Mexico. A report from the economic research service. USDA. 
www.ers.usda.gov. 2010. 
10.  Drummond RO, Lambert G, Smally HE Jr, Terrill CE. Estimated 
losses of livestock to pests. In: Pimentel D. Handbook of pest 
management in agriculture. Boca Raton, USA: CRC Press 
1981;1:111-127.  
11. National Agriculture Statistics Service - NASS, United States 
Department of Agriculture – USDA, Cattle inventory: executive 
briefing 2011. http://www.nass.usda.gov/Newsroom/Executive_ 
Briefings /2011/ 07_22_2011.pdf. Accesed Nov 03, 2015.  
12. Grisi L, Cerqueira Leite R, de Souza Martins JR, Medeiros de Barros 
AT, Andreotti R, Duarte Cançado PH, et al. Reassessment of the 
potential economic impact of cattle parasites in Brazil. Braz J Vet 
Parasitol 2014;3(2):150-156. 
13. Rodríguez-Vivas RI, Cob-Galera LA, Domínguez-Alpizar JA. 
Frecuencia de parásitos gastrointestinales en animales domésticos 
diagnosticados en Yucatán, México. Rev Biomed 2001;12:19-25. 
14.  Rodríguez-Vivas RI, Ojeda-Chi MM, Pérez-Cogollo LC, Rosado-
Aguilar JA, Ramírez-Cruz GT, Guemes-Ceballos AA. Epidemiología, 
diagnóstico y control de la coccidiosis bovina. Capítulo 4. 
Epidemiología de enfermedades parasitarias en animales 
domésticos. Quiroz RH. et al, editores. México, DF:  AMPAVE; 
2011:52-66. 
15.  Bautista-Garfias CR, Martínez-Ibañez F. Experiences on the control 
of cattle tick Rhipicephalus (Boophilus) microplus in Mexico. In: 
Ticks: Disease, management and control. Moges Woldemeskel 
editor. Nova Science Publishers, Inc. 2012:205-216. 
16.  Vercruysse J, Claerebout E. Treatment vs non treatment of 
helminth infections in cattle: defining the threshold. Vet Parasitol 
2001;98:195-214. 
17.  Molento MB, Fortes FS, Pondelek DA, Borges F de A, Chagas AC, 
Torres-Acosta JF, Geldhof P. Challenges of nematode control in 
ruminants: focus on Latin America. Vet Parasitol 2011;180(1-
2):126-32. 
18.  Lima MM, Grisi L. Verminose subclínica em vacas emlactação no 
Estadom do Rio de Janeiro. Hora Vet 1984;19(4):37-40. 
19.  Ploeger HW, Schoenmaker GJW, Kloosterman A, Borgsteede FHM. 
Effect of anthelmintic treatment of dairy cattle on milk production 
related to some parameters estimating nematode infection. Vet 
Parasitol 1989;34(3):239-253. 
20.  Charlier J, Höglund J, Von Samson-Himmelstjerna G, Dorny P, 
Vercruysse J. Gastrointestinal nematode infections in adult dairy 
cattle: impact on production, diagnosis and control. Vet Parasitol 
2009;164(1):70-79. 
21.  Kabaka WM, Gitau GK, Kitala PM, Maingi N, VanLeeuwen JA. The 
prevalence of gastrointestinal nematode infection and their impact 
on cattle in Nakuru and Mukurweini districts of Kenya. Ethiop Vet J 
2013;17(1):95-104. 
22.  Verschave SH, Vercruysse J, Forbes A, Opsomer G, Hostens M, 
Duchateau L, Charlier J. Non-invasive indicators associated with the 
milk yield response after anthelmintic treatment at calving in dairy 
cows. BMC Vet Res 2014;10:264. 
23.  Dominguez-Alpizar JL, Rodríguez-Vivas RI, Cob GLA.  Evaluación de 
dos programas estratégicos de control de nematodos 
gastrointestinales en becerros de la zona centro del estado de 
Yucatán, México. Rev Biomed 1996;7:27-34. 
24. Domínguez-Alpizar J, Rodríguez-Vivas VRI, Honhold N. 
Epizootiología de los parásitos gastrointestinales en bovinos del 
Estado de Yucatán. Vet Méx 1993;24(3):189-193.  
25. Quiroz-Romero H, Chavarría-Martínez B, Hernández-Suárez A, 
Ochoa-Galván P, Cruz- Pérez J, Cruz-Mendoza I. Efecto de una 
nueva formulación de ivermectina+abamectina de larga duración 
contra nematodos gastrointestinales y la diferencia en ganancia de 
peso en bovinos. Vet Méx 2009;40(2):157-165. 
26.  Quiroz-Romero H, Chavarría-Martínez B, Carrillo J, Pérez M, Ochoa-
Galván P. Efecto prolongado de ivermectina+abamectina contra 
nematodos y la diferencia de peso en bovinos en Veracruz, México. 
Rev Ibero-Latinoam Parasitol 2009;68(2):180-184. 
 Roger Iván Rodríguez-Vivas, et al. / Rev Mex Cienc Pecu 2017;8(1):61-74 
72 
 
27.  Encalada-Mena LA, Corbala-Bermejo JA, Vargas-Magaña JJ, García-
Ramírez MJ, Uicab-Brito L, del Río-Rodríguez J. Prevalencia de 
nematodos gastroentéricos de becerros en sistemas de doble 
propósito del municipio de Escárcega, Campeche, México. 
Agrociencia 2009;43(6):569-576. 
28. Bangoura B, Daugschies A. Parasitological and clinical parameters 
of experimental Eimeria zuernii infection in calves and influence on 
weight gain and haemogram. Parasitol Res 2007;100:1331-1340. 
29.  Fitzgerald PR. The significance of bovine coccidiosis as a disease in 
the United States. Bovine Pract 1975;10:28. 
30.  Williams L. Dealing with the frustration of the war on coccidiosis. 
DVM 1984;15:38. 
31.  Ernst JV, Benz GW. Intestinal coccidiosis in cattle. The veterinary 
clinics of North America/parasites: epidemiology and control. 
Philadelphia, PA: W.B. Saunders Company; 1986. 
32.  Fitzgerald P. The economic impact of coccidiosis in domestic 
animals. Adv Vet Sci Comp Med 1980;24:121-143. 
33.  Lassena B, Østergaard S. Estimation of the economic effects of 
Eimeria infections in Estonian dairy herds using a stochastic model. 
Prev Vet Med 2012;106:258-265. 
34.  Rodríguez-Vivas RI, Domínguez-Alpizar JL, Torres-Acosta JF. 
Epidemiological factors associated to bovine coccidiosis in calves 
(Bos indicus) in a sub-humid tropical climate. Rev Biomed 
1996;7:211-218. 
35.  Hasbullah H, Akiba Y, Takano H, Ogimoto K. Seasonal distribution 
of bovine coccidia in beef herd in the University farm. Jpn J Vet Sci 
1990;52:1175-1179. 
36.  Quezada CA, Ramos GJI, Figueroa VC, Rivas CRR, Martínez de la 
Rosa R, Trillo MV. Prevalencia de coccidia en becerras Holstein en 
la etapa de desarrollo. CULCyT 2013;10(49):54-60. 
37.  Landeros y Valdez MA, Ibarra VF, Escudero CJL, Milian SF. 
Determinación de algunos hospederos intermediarios de Fasciola 
hepatica, en la cuenca lechera de Tulancingo Hidalgo. Tec Pecu 
Méx 1981;40:47-51. 
38.  Kaplan RM. Fasciola hepatica: A review of the economic impact in 
cattle and considerations for control. Vet Therap 2001;2(1):40-50. 
39.  Ibarra VF, Vera MY, Munguía XJ. Epidemiología de la fasciolosis 
animal y humana. En: Epidemiología de enfermedades parasitarias 
en animales domésticos. Capítulo 9. Quiroz RH, et al editores. 
México, DF: AMPAVE; 2011:137-172.    
40.  Castellanos HAA, Escutia SI, Quiroz RH. Frecuencia de fasciolasis 
hepática en bovinos sacrificados en las plantas tipo inspección 
federal en México de los años 1979 a 1989. Vet Mex 1992;23:339-
342. 
41.  Rangel LJ, Martínez DE. Pérdidas económicas por decomiso de 
hígados y distribución geográfica de la fasciolasis bovina en el 
estado de Tabasco, México. Vet Méx 1994;25:327-331. 
42.  Simpson JR, Courtney CH. Liver flukes in Florida: Prevalence, 
economics and management practices on ranches surveyed. 
Gainesville, University of Florida. Florida Coop Ext Serv. Institute of 
Food and Agricultural Sciences. 1990. 
43.  Malone J, Loyacano A, Armstrong D, Archbald L. Bovine fascioliasis: 
Economic impact and control in gulf coast cattle based on seasonal 
transmission. Bovine Pract 1982;17:126-133. 
44.  Charlier J, Hostens M, Jacobs J, Van Ranst B, Duchateau L, 
Vercruysse J. Integrating Fasciolosis control in the dry cow 
management: The effect of closantel treatment on milk production. 
PLoS ONE 2012;7(8):e43216. 
45.  FAO. Ticks and tick borne disease control. A practical field manual. 
Volume I. Tick control. Rome. 1984.  
46.  Esteve-Gasent MD, Perez de Leon AA, Romero-Salas D, Feria-
Arroyo TP, Pation R, Castro-Arellano I, et al. Pathogenic landscape 
of transboundary zoonotic diseases in the Mexico-US border along 
the Rio Grande. Front Public Hlth 2014;17(177):1-23. 
47.  Reck J, Marks FS, Rodrigues RO, Souza UA, Webster A, Leite RC, 
Gonzales JC, et al. Does Rhipicephalus microplus tick infestation 
increase the risk for myiasis caused by Cochliomyia hominivorax in 
cattle? Prev Vet Med 2014;113:59-62. 
48.  Estrada-Peña A, Salman M. Current limitations in the control and 
spread of ticks that affect livestock: A review. Agriculture 
2013;3:221-235. 
49.  De Castro JJ, James AD, Minjauw B, DiGiulio G, Permin A, Pegram 
RG, et al. Long-term studies on the economic impact of ticks on 
Sanga cattle in Zambia. Exp Appl Acarol 1997;21:3-19. 
50.  SAGARPA-SENASICA. Situación zoosanitaria la campaña para el 
control de la garrapata Boophilus spp en México. 2014. 
51.  Rodrigues DS, Leite RC. Economic impact of Rhipicephalus 
(Boophilus) microplus: estimate of decreased milk production on a 
dairy farm. Arq Bras Med Vet Zootec 2013;65(5):1570-1572. 
52.  Jonsson N. The productivity effects of cattle tick (Boophilus 
microplus) infestation on cattle, with particular reference to Bos 
indicus cattle and their crosses. Vet Parasitol  2006;137:1-10. 
53.  Alonso-Díaz MA, López SBJ, Leme de Magalhanes-Labarthe AC, 
Rodríguez-Vivas RI. Infestación natural de Boophilus microplus 
Canestrini, 1887 (Acari: Ixodidae) en dos genotipos de bovinos en 
el trópico húmedo Mexicano. Vet Méx 2007;38(4):503-509. 
54.  González-Cerón F, Becerril-Pérez CM, Torres-Hernández G, Díaz-
Rivera P. Garrapatas que infestan regiones corporales del bovino 
criollo lechero tropical en Veracruz, México. Agrociencia 
2009;43:11-19. 
55.  Smith RD, Evans DE, Martins JR, Ceresér VH, Correa BL, Petraccia 
C, et al. Babesiosis (Babesia bovis) stability in unstable 
environments. Ann N Y Acad Sci 2000;916:510-520. 
56.  Gomes A, Honer MR, Schenk MA, Curvo JB. Populations of the cattle 
tick (Boophilus microplus) on purebred Nellore, Ibage and Nellore 
X European crossbreds in the Brazilian savanna. Trop Anim Hlth 
Prod 1989;21(1):20-24.  
57.  Pérez de León AA, Vannier E, Almazán C, Krause P. Tick-borne 
protozoa. In: Sonenhine DE, Roe RM editors. Biology of ticks. 2nd 
ed, New York, USA: Oxford University Press; 2014(2):147-179. 
58.  Aubry P, Geale DW. A review of bovine anaplasmosis. Transbound 
Emerg Dis 2011;5(8):1-30. 
59.  Bock R, Jackson L, de Vos A, Jorgensen W. Babesiosis of cattle. 
Parasitology 2004;129 Suppl:S247-269. 
60.  Grisi L, Massard CL, Moya Borja GE, Pereira JB. Impacto económico 
das principais ectoparasitoses em bovinos no Brasil. Hora Vet 
2002;21(125):8-10. 
61.  Guglielmone, AA, Aguirre DH, Späth EJA, Gaido AB, Mangold AJ, de 
Ríos LG. Long-term study of incidence and financial loss due to 
cattle babesiosis in an Argentinian dairy farm. Vet Parasitol 
1992;12(3-4):307-312.  
 POTENTIAL ECONOMIC IMPACT ASSESSMENT FOR CATTLE PARASITES IN MEXICO. REVIEW 
 
73 
 
62.  Solorio RJ, Rodríguez VRI, Pérez E, Wagner G. Management factors 
associated with Babesia bovis seroprevalence in cattle from eastern 
Yucatan, Mexico. Prev Vet Med 1999;40:261-269. 
63.  Rodríguez-Vivas RI, Mata MY, Pérez GE, Wagner G. The effect of 
management factors on the seroprevalence of Anaplasma 
marginale in Bos indicus cattle in the Mexican tropics. Trop An Hlth 
Prod 2004;36:135-143. 
64.  Pérez de León AA, Teel PD, Auclair AN, Messenger MT, Guerrero F, 
Schuster G, Miller R. Integrated strategy for sustainable cattle fever 
tick eradication in U.S.A. is required to mitigate the impact of global 
change. Front Physiol 2012;3:195. 
65.  Xu Q, Guerrero FD, Palavesam A, Pérez de León AA. Use of 
electroporation as an option to transform the horn fly, Haematobia 
irritans: a species recalcitrant to microinjection. Insect Sci 
2015;00:1-9. doi: 10.1111/1744-7917.12207. 
66.  Foil LD, Hogsette JA. Biology and control of tabanids, stable flies 
and horn flies. Revue Scientifique et Technique 1994;13:1125-
1158. 
67. Bautista-Garfias CR, Castañeda-Arriola R, Álvarez-Martínez JA, 
Rojas-Martínez C, Figueroa-Millán JV, Rodríguez-Lozano A. The 
simultaneous vaccination of bovines with Lactobacillus casei and 
the bivalent vaccine against bovine babesiosis induces a better 
protection against Babesia bovis and B. bigemina transmitted by 
ticks in extreme field conditions. Vet Méx 2012;43:189-200. 
68. Bianchin I, Alves RGO. The hornfly, Haematobiairritans: behaviour 
and damage caused in Nellore cows and pre-weaning calves. Pesq 
Vet Bras 2002;22(3):109-113. 
69. Guglielmone AA, Volpogni MM, Quaino OR, Anziani OS, Mangold AJ. 
Long-term study of Haematobia irritans (Diptera: Muscidae) 
seasonal distribution in central Argentina with focus on winter fly 
abundance. Parasitol 2001;8(4):369-373.  
70. Steelman CD, Brown AHJr, Gbur EE, Tolley G. Interactive response 
of the horn fly (Diptera: Muscidae) and selected breeds of beef 
cattle. J Econ Entomol 1991;84(4):1275-1282. 
71. Bianchin I, Koller WW, Alves RGO, Detmann E. Effects of the horn 
fly, Haematobia irritans (L.) (Diptera: Muscidae) in the weight gain 
on Nellore cattle. Cienc Rural 2004;34(3):885-890. 
72. Kunz SE, Murrell KD, Lambert G, James LF, Terrill CE. Estimated 
losses of livestock to pests. In: Pimentel D. Handbook of pest 
management in agriculture. 2nd ed. Boca Raton, USA: CRC Press; 
1991:69-98. 
73. Alonso-Díaz MA, Acosta-Rodríguez R, Maldonado-Simán E. 
Dinámica poblacional de Haematobia irritans en bovinos del trópico 
mexicano. Rev Cient FCV-LUZ; XVII 2007;(4):330-334. 
74. Galindo-Velasco E, Cruz-Vázquez C, Lezama-Gutiérrez R, Reyes-
Velázquez W, Aguilar-Espinoza S, Pescador-Rubio A. Fluctuación 
poblacional de Haematobia irritans (Diptera: Muscidae) en un hato 
bovino en Tecomán, Colima, México. Vet Méx 2008;39(2):181-186. 
75.  Almazán-García C, Castillo-Salas S, Loredo-Osti J, García-Vázquez 
Z, Ramírez-Valverde R, Bermúdez-Villanueva L. Dinámica 
poblacional de Haematobia irritans en un hato de bovinos de Soto 
la Marina, Tamaulipas, México. Vet Méx 2001;32(2):149-152. 
76. Taylor DB, Moon RD, Mark DR. Economic impact of stable flies 
(Diptera: Muscidae) on dairy and beef cattle production. J Med 
Entomol 2012;49(1):198-209. 
77. Liu SS, Li AY, Lohmeyer KH, Pérez de León AA. Effects of 
pyriproxyfen and buprofezin on immature development and 
reproduction in the stable fly. Med Vet Entomol 2012;26:379-385. 
78. Solórzano JA, Gilles J, Bravo O, Vargas C, Gomez-Bonilla Y, 
Bingham GV, Taylor DB. Biology and trapping of stable flies 
(Diptera: Muscidae) developing in pineapple residues (Ananas 
comosus) in Costa Rica. J Insect Sci 2015;15:(1):145. 
79.  Campbell JB, Skoda SR, Berkebile DR, Boxler DJ, Thomas GD, 
Adams DC, Davis R. Effects of stable flies (Diptera: Muscidae) on 
weight gains of grazing yearling cattle. J Econ Entomol 
2001;94(3):780-783. 
80. Cruz-Vázquez C, Martínez RS, Vitela MI, Ramos PM, Quintero MMT, 
García VZ. Variación anual de la infestación por Stomoxy scalcitrans 
(L.) (Diptera: Muscidae) en tres establos lecheros de 
Aguascalientes, México. Téc Pecu Méx 2000;38(2):135-142. 
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